This study aimed to investigate the effect of citric (CA) and fumaric (FA) acids (0, 15 and 30 g/kg diet for each) on nutrients digestibility, the population of bacteria inhabiting the gut, histopathological changes in the intestine and lymphoid organs and meat physical characteristics of broilers. One-hundred twenty-one-day old unsexed "Cobb" chicks were randomly distributed into five treatments of three replicates eight chicks each. Control (no additives), 15 g CA, 30 g CA, 15 g FA and 30 g FA were evaluated from 0 to 6 weeks of age. Dry matter, crude protein (CP), ash, calcium (Ca), and phosphorus (P) apparent digestibility were significantly improved by 30 g FA/kg diet compared to the control. Fumaric acid at 30 g/kg diet showed higher ether extract, and nitrogen free extract apparent digestibility compared to the control. A significant increment in P and a non-significant higher CP, ash, and Ca apparent digestibility were noticed in 30 g CA/kg diet compared to the control. A significant reduction in total bacterial and total Enterobacteriaceae counts in all acid treatments compared to the control, with the least count in 30 g FA/kg diet group. The ileum of organic acids treated birds expressed a healthy intestinal structure with an abundance of goblet cell proliferation. Lymphoid organs showed mild to moderate hyperplasia of their lymphoid follicles indicating immune response improvements. It could be concluded that acids supplementation improved gut microbiota, immune response and apparent nutrients digestibility.
INTRODUCTION
Feed additives have beneficial effects on controlling pathogenic and enhancing the growth of beneficial microorganisms. Antibiotics possess these beneficial effects but their use in the poultry industry banned due to fear of antibiotic resistance and its effect on human health. Research for antibiotics alternatives is carried on and some of these promising alternatives are organic acids. Health of the gastrointestinal tract (GIT) is an important factor controlling performance of birds and economics of poultry production. Dietary organic acids (OA) are able to inhibit microbial growth in the food, preserve the microbial balance in the GIT, modify the intestinal pH, and improve the solubility of feed ingredients, digestion and absorption of nutrients (Islam et al, 2008) . Data illustrated that OA have antimicrobial activity, depending on acid concentration and the bacterial species exposed to it (Khan and Iqbal, 2016) . This study conducted to investigate the effect of citric and fumaric acids supplementation (at two different concentrations) on nutrient digestibility, population of GIT bacteria, histopathological changes in the intestine and lymphoid organs and meat physical characteristics of broilers.
MATERIALS AND METHODS Management and treatments
This study was approved by Animal department, College of Agriculture, Suez Canal University committees, Egypt and was performed in compliance with relevant laws and institutional guidelines. One hundred twenty-one-day old unsexed "Cobb" broiler chicks obtained from a commercial hatchery, were used. Chicks were weighed, wing-banded and randomly distributed into five treatments × three replicates of eight chicks per replicate. Chicks raised in brooder batteries with wire mesh floors. Feed and water supplied ad-libitum during the 6 weeks experimental period. Artificial light provided for 23 hours per day. Chicks were vaccinated at the 5 th and the 18 th days of age with Hitchner and Lasota, respectively while the vaccination at the 14 th and the 24 th days of age was by Gumboro. Two types of OA (citric, CA and fumaric, FA) at two levels each (15 and 30 g/kg diet) plus control were used. Chicks fed three types of diets (starter, grower and finisher) in mash form (Table  1) . Diets formulated according to (NRC, 1994) and chemical analysis was done according to (A.O.A.C, 1990) . At the end of the experimental period (6 weeks of age), the following measurements were taken. Nutrients Digestibility A digestion trial was performed to determine the total apparent digestibility of nutrients. Four birds from each treatment, close to the average body weight, were used. Birds housed in individual metabolic cages and fed the corresponding finishing diet for seven days for adaptation and another three days for collection. Each cage was prepared with a feeder, water cup and an excreta collection tray. Feed intake and excreta were accurately determined. Daily excreta from each bird was separately collected, pooled for each bird and stored at -20° C until further analysis. Both excreta and feed were dried at 70° C for 24 hours; then weighed, grind and placed in glass jars until chemical analyses. Dry matter, crude protein, ether extract, ash, phosphorus and calcium were determined in the experimental diets and excreta according to the (A.O.A.C, 1990) .
Bacteriological analysis of caecal content
At the end of the experimental period, two birds were chosen from each replicate (six birds per treatment) and slaughtered for bacteriological analysis. The contents of one caecum per bird collected aseptically in a sterile test tube. One gram of the content was suspended in 9 ml sterile buffered peptone water; then shaken thoroughly by an electric touch mixer. Viable total bacterial counts were obtained by using ten-fold serial dilutions of samples that plated on nutrient MacConkey agar for total Enterobacteriaceae species (Foods, 1998; Guban et al., 2006) . All plates incubated for 24 hours at 37°C and the counts were determined by using the dilution that contains between 30 and 300 CFU per plate.
Histopathological examination
Specimens from duodenum, ileum and lymphoid organs (bursa, spleen and thymus) were collected in 10% buffered formalin for histopathological examination (Bancroft et al., 1990) .
Meat physical characteristics
Parameters measured were color, tenderness, water holding capacity and pH of fresh meat samples. Color was evaluated using Minolta colorimeter (Minolta Co. Ltd., Osaka, Japan). Color attributes of meat; lightness 'L', redness 'a' and yellowness 'b' were evaluated (Rørå and Einen, 2003) . Tenderness (Kg/cm 2 ) and water holding capacity (WHC, cm 2 ) were measured (Volovinskaia and Kelman, 1962) . Method of (Aitken et al., 1962) was used for measuring pH.
Statistical analysis
Data were subjected to analysis for significance by a one-way ANOVA model (as a completely randomized design) using the General Linear Models (GLM) procedures of SPSS (IBM SPSS statistics, version 22, USA). Treatments differences were considered significant at P ≤0.05 for all measurements except for the bacteriological analysis of caecal content, which was considered significant at P ≤0.01. Means comparisons were performed using Duncan's multiple range tests (Duncan, 1955) . RESULTS Organic acids (30 g/kg diet) improved the apparent digestibility of all nutrients. Dry matter, CP, ash, Ca and P apparent digestibility were significantly (P ≤ 0.05) improved by 30 g FA/kg diet compared to the control. Fumaric acid at 30 g/kg diet showed a higher ether extract (EE) and nitrogen free extract (NFE) apparent digestibility compared to the control. A significant increment in P and numerically higher CP, ash, and Ca apparent digestibility in 30 g CA/kg diet compared to the control. Numerical improvements in CP and P apparent digestibility were noticed by 15 g CA or FA supplementation (Table 2) . Gut microbiota was positively altered by OA supplementation (P ≤ 0.01). A significant reduction in the total bacterial count (TBC) and total Enterobacteriaceae count were detected in all acid treated groups compared to the control, with the least count noticed in the 30 g FA/kg diet group (Table 2) . Water holding capacity was significantly reduced by all acids supplementation compared to the control with the lowest values observed for 30 g CA/kg diet group. Also, OA supplemented groups had lower pH with the lowest (P ≤ 0.05) values noticed for 15 g FA/kg diet. Color and tenderness were numerically affected by OA supplementation (Table 3) . Histopathological examination of the duodenum showed normal integrity of epithelial cell lining as well as duodenal glands. The birds treated with both types of OA had taller villi with prominent goblet cells (Figure1). A healthy intestinal structure with an abundance of goblet cell proliferation that was stained by Alcian blue stain and PAS reaction in the ileum of examined birds. No differences between high and low doses of both OA were seen (Figure 2 and 3 ). All lymphoid organs (bursa, spleen and thymus) showed mild to moderate hyperplasia of their lymphoid follicles indicating increased immune-response, hyperplasia of the lymphoid follicle and reticuloendothelial cells for all doses of OA, mainly for 15 g CA followed by 15 g FA/kg diet ( Figure 4 ). Table 2 reveal improvement in apparent digestibility in 30 g OA treated groups. These results agree with those reported by Ghazalah et al. (2011) who indicated that 5 g fumaric or formic acid and 7.5 g acetic or 20 g CA/kg diet improved digestibility of CP, EE, CF and NFE of broiler diets. Also, 20 g CA/kg diet improved the retention of DM, CP and neutral detergent fiber in broiler diet (Ao et al., 2009 ). Gross energy, EE, and CP digestibility were significantly lower in the non-treated group compared to ascorbic acid supplemented group (Lohakare et al., 2005) . Positive effects of OA on digestibility were related to the slower feed passage in the intestinal tract and the nutrients absorption improvement (Van Der Sluis, 2002) . In addition, these positive effects might be due to reducing the competition of microorganisms with the host nutrients, reducing the endogenous nitrogen losses and ammonia production (Omogbenigun et al., 2003) . Moreover, OA improve gastric proteolysis and enhance the digestibility of protein and amino acids (Samanta et al., 2010) . Also, it was reported that lowering the pH of chime increase the pepsin activity, which leads to enhancing the protein digestibility (Afsharmanesh and Pourreza, 2005) . Furthermore, OA increase production of pancreatic juice that might lead to protein digestion improvement as a result of the presence of high concentration of trypsinogen, chymotrypsinogen A, chymotrypsinogen B, pro-carboxy peptidase A and procarboxy peptidase B (Adil et al., 2010) . Supplementation of OA may enhance the digestibility of minerals and increase utilization of phytate phosphorus (Boling et al., 2000; Park et al., 2009 ). Organic acids supplemented in broiler diet caused enhanced digestibility and improved nutrients availability (Ca and P). This might be due to developing desirable microflora (Lactobacillus spp.) in GIT, which in turn increase elements retention and bone mineralization (Ziaie et al., 2011) . The acidic anion forms a complex with Ca, P, magnesium and zinc, and results in minerals digestibility improvement (Edwards and Baker, 1999) . The present research indicated a significant reduction in the total bacterial and Enterobacteriaceae counts in OA treated groups. This is in harmony with Gunal et al. (2006) who showed that the use of OA mixture significantly decreased the total bacterial and gramnegative bacteria counts in broiler chicken. Józefiak et al. (2007 found a bacterial growth depression in broilers fed OA and concluded that the changes in microbial populations are in the lower parts of the gut (i.e. caeca). Also, Pirgozliev et al., (2008) reported a significant reduction in total Coliform numbers in the ileum and caecum of broiler treated with OA. These acids can penetrate the bacterial cell wall and disrupt the normal physiology of the 'pH sensitive' ones that cannot tolerate a wide internal and external pH gradient. Besides, OA might have a direct effect on poultry GIT bacterial population, resulting in a reduction of some pathogenic bacteria levels, which compete with birds for nutrients (Khan and Iqbal 2016) . Meat pH, WHC, tenderness and color are important characteristics to evaluate meat quality that affects consumer opinion of palatability and products cost. The pH value reflects the meat acid content and affects the meat texture, drip loss and color. In the present study, OA treatment significantly lowered WHC with numerical pH and color reduction. Similarly, supplementing broiler diets with 0.25, 0.5 and 0.75 g microencapsulated blends of organic acids and essential oils (250 g CA, 167 g sorbic acid, 17 g thymol, 10 g vanillin and 556 g starch as a carrier) had no significant effects on neither the color nor the pH values of breast meat (Mohammadi Gheisar et al., 2015) . On the other side, dietary 1.0, 2.0 and 4.0 g phenyl lactic acid/kg diet (Kim et al., 2014) or 2.0 and 4.0 g/kg diet (Wang et al., 2010) had no effect on the pH, L, or a values of broilers' breast meat; although, the WHC and shear force values were increased and b value was decreased significantly. Zhang et al. (2008) showed that diets treated with 2.5, 5.0 and 7.5 ginosinic acid/kg diet had no effect on the color of breast meat or L and a values of thigh meat, but the b value of thigh meat was decreased when birds fed 7.5 g inosinic acid. The contradictory between the data reported here and the former findings might be due to the type of acids used concentrations and diet composition. Intestinal health is an important key for efficient nutrient absorption that leads to improving feed efficiency and growth of broilers. The current data revealed that duodenum of birds treated with OA had taller villi with prominent goblet cells. In addition, ileum of examined birds expressed a healthy intestinal structure with the abundance of goblet cell proliferation. Same effects were reported by Abdelrazek et al. (2016) ; Kum et al. (2010) and Panda et al. (2009) . They found that OA supplementation significantly increased the villus width, height and area of the duodenum, jejunum and ileum of broiler. Adil et al (2010) observed the highest duodenal, jejunal and ileal villus heights in birds fed diets treated with 3.0g butyric acid, 30g FA and 20g FA/kg of diet, respectively. Crypt depth of duodenum, jejunum and ileum were not affected by different treatments. In addition, muscularis thickness was decreased in all segments of small intestines. Reduction in muscularis thickness enhanced digestion and absorption of nutrients. As indicated by the results reported here, OA reduced the growth of many pathogenic intestinal bacteria. Therefore, improves villus height and function of secretion, digestion and absorption of nutrients which resulted from reducing intestinal colonization, infections, and inflammation of the intestinal mucosa. The major constituents of the avian immune system are the lymphoid organs. In this study, the lymphoid organs (bursa, spleen and thymus) had mild to moderate hyperplasia of their lymphoid follicles, which indicate that the immune response was increased. Previous studies showed that OA might stimulate a natural immune response in poultry. AbdelFattah et al. (2008) and Ghazalah et al (2011) showed that birds fed diet supplemented with OA had heavier immune organs (bursa of fabricius and the thymus) and increased level of globulin in their serum. They suggested that the improvement in immunity might be due to the inhibitory effects of these OA on gut pathogens. In addition, OA supplementation caused hyperthyroidism and peripheral conversion of T4-T3, which indicate that these birds had better immune competence and bursa growth (Abde-Fattah et al., 2008) . Citric acid at 5.0 g/kg diet enhanced the density of lymphocytes in lymphoid organs, improving non-specific immunity (Haque et al., 2010) . In another study, post vaccination significantly increased infectious bursal disease antibody titers in birds fed on a diet supplemented with ascorbic acid. This could be due to increasing the activity of the hexose monophosphate pathway that leads to speeding up of differentiation of lymphoid organs, thus increasing the circulating antibody (Lohakare et al., 2005) . (NRC, 1994) and chemical analysis according to (AOAC, 1990) . 1 Supplied per kg diet: vitamin A (retinol acetate ), 3600 µg; vitamin D3 (cholecalciferol), 50µg; vitamin E (α-tocopheryl acetate), 10 mg; vitamin K3 (Menadione), 2.0 mg; Thiamine, 1.0 mg; Riboflavin, 5.0 mg; Pyridoxine, 1.5 mg; Cyanocobalamin, 0.01 mg; Pantothenic acid, 10 mg; Nicotinic acid, 30 mg, Folic acid, 1.0 mg; Biotin, 0.05 mg; Choline chloride, 250 mg; Cu, 10 mg; I, 1.0 mg; Fe, 50 mg; Zn, 50 mg; Mn, 60 mg; Co, 0.1 mg; and Se, 0.1 mg. 2 Citric or fumaric acids. 
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